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TESTING OF THE HEAT RESISTANCE OF POLYVINYL CHLORIDE, 
PART I1 

J. Urbanski 

ABSTRACT. The color-change and conductivity-measurement 
methods of determining t h e  heat r e s i s t a n c e  of polyvinyl  
ch lo r ide  are discussed.  The conductometric method i s  
found t o  be supe r io r  t o  t h e  color-change methods s ince  
i t  permits  observat ion of t h e  essence o f  t h e  phenomenon 
of material composition and quan t i t a t ive  changes i n  t h e  
se rv ice  p rope r t i e s  of a material. 

2. Methods Based on Color Change 

Changes i n  t h e  co lora t ion  of polyvinyl ch lor ide  and similar materials 
under the inf luence  o f  hea t ing  coincide with t h e  conductometric curves only 
i n  the  event of s tabi li za t ion  by compounds excer t ing  a c e r t a i n  inh ib i to ry  
inf luence  on t h i s  phenomena, and thus chief ly  organic  t i n  
o the r  hand, t h i s  agreement is  not  obtained when t h e  s t a b i l i z e r  added t o  t h e  
PVC acts only as an HC1 acceptor  and exer t s  no inh ib i to ry  affect  on t h e  
occurrence of  polyene systems (Ca and Pb salts) .  Hence t h e  need arises fo r  
p a r a l l e l  t e s t i n g  o f  PVC by t h e  method based on eduction of  hydrogen ch lor ide  
and t h e  co lo r  change method. 

compounds. On the  

In accordance with Pol ish Standard PN-60/C-89064 t h e  h e a t  r e s i s t a n c e  of 
PVC is  t e s t e d  as follows by the  co lor  change method: 

An aluminum cy l inde r  of a diameter of 15 mm and a he igh t  of 28 mm is 
placed i n  a t e s t  tube of s tandardized dimensions (diameter 16 mm, length 150 
mm, wall thickness  0 .4  mm).  One of the  bases of t h i s  cy l inde r  is rounded i n  
shape s o  as t o  f i t  t he  bottom of the t e s t  tube,  and the  o the r ,  po in t ing  t o  the  
top  of  t h e  t e s t  tube,  i s  f la t .  A cer ta in  number of such t e s t  tubes,  depending 
on t h e  dura t ion  of  measurement (which i s  s e l e c t e d  s o  t h a t  i t  w i l l  be  poss ib l e  
t o  observe co lo r  change a t  five-minute i n t e r v a l s )  are placed a t  a depth of 
f i v e  t o  s i x  cm i n  an o i l  ba th  heated t o  a temperature s o  s e l e c t e d  t h a t  t he  
per iod  o f  blackening of the  specimen w i l l  mount  t o  60 t o  120 minutes. 
t h e  lapse  of 15 minutes a d i sk  of t h e  f o i l  t o  b e  t e s t e d  is introduced i n t o  each 
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t e s t  tube,  and pressed t i g h t l y  aga ins t  the cy l inder  i n  t h e  test  tube by means 
of a second aluminum cyl inder  with two f l a t  bases of a diameter of 15 mm and a 
he igh t  of 30 mm. 
i n t e r v a l s  of  f i v e  minutes and l e f t  t o  coo l  f o r  f i v e  minutes, and then the  disks  
being t e s t e d  are removed from them. 
the  sequence i n  which they were removed from the  heat ing ba th .  
unheated f o i l  is  pu t  i n  f irst  p lace .  

The t e s t  tubes a r e  removed from the  ba th  i n  succession a t  

These d isks  a re  placed on white  paper i n  
A disk  of 

c 

The method descr ibed permits comparative evaluat ion of the  behavior of 
c PVC and de r iva t ive  products during processing a t  e leva ted  temperatures (120 - 

240'). 

The method proposed la- t he  IS0 by the West German delegat ion is  q u i t e  
similar t o  t h a t  of the  Pol ish Standard. In  t h i s  method the  disk of t he  f o i l  t o  
be t e s t e d  i s  placed on a hemisphere of  aluminum r e s t i n g  on t h e  bottom of  a t e s t  
tube. To p r o t e c t  the  t e s t  tube aga ins t  the  inf luence  of a i r ,  as  i n  the  
r egu la t ion  previously c i t e d ,  t h e  test  tube i s  covered during heat ing with a 
d isk  of the  same metal. The thermal s t a b i l i t y  i s  determined by two po in t s :  
t he  time after which the  f i r s t  v i s i b l e  color change occurs and the  time 
requi red  f o r  darkening of t h e  specimen; determination of t h e  l a t te r  quan t i ty  
e n t a i l s  d i f f i c u l t i e s  when the  ma te r i a l  darkens continuously.  

Both of the methods r e fe r r ed  t o  a re  charac te r ized  by g r e a t  s impl i c i ty .  
The co lo r  change method developed i n  Caechos lovakia abandons t h i s  s i m p l i c i t y  
t o  a c e r t a i n  ex ten t  i n  favor  of g r e a t e r  c e r t a i n t y  and o b j e c t i v i t y  of t he  
r e s u l t s  obtained. This method permits approximate q u a n t i t a t i v e  determination 
of the  darkening of a ma te r i a l  on heating. 

Samples a re  heated i n  an a i r  bath a t  a spec i f i ed  temperature. Every f i v e  
t o  t e n  minutes the  specimens a r e  removed from t h e  ba th  and compared i n  t r ans -  
mi t ted  l i g h t  from a darkening s c a l e  represented by ten  s tandard  g l a s s  p l a t e s  
blackened with carbon. These p l a t e s  pass l i g h t  over the  range from 0 t o  90%; 
the  ind iv idua l  degrees of the  s c a l e  i n  question d i f f e r  from one another by 
10% i n  r e l a t i o n  t o  the  t o t a l  i n t e n s i t y  of the  inc iden t  sun l igh t .  

A diagram is prepared with the  r e s u l t s  obtained, t h e  time of hea t ing  being 
p l o t t e d  on the  x-axis and the  degree of l i g h t  absorpt ion (%) on the  y-ax is .  
From t h i s  diagram one can determine the  moment from which t h e  changes and 
co lo ra t ion  become more rapid.  A der iva t ive  func t ion  diagram is prepared i n  
the  case of continuous change i n  colorat ion.  

Even more c e r t a i n  and more accurate r e s u l t s  may be obtained by employing 
i n  p l ace  of the s c a l e  described a photometer, which measures the  i n t e n s i t y  of 
l i g h t  r e f l e c t e d  from the  material subjected t o  heat ing;  the  specimens are then 
p laced  on hard  white  paper. 

The r e s u l t s  obtained by means of these q u a n t i t a t i v e  and semi-quant i ta t ive 
methods based on co lor  change, although more valuable  than those obtained on 
the  b a s i s  of t h e  simple v i s u a l  methods described above, do not provide a 
simple and unambiguous answer t o  the  question of t he  behavior  of a specimen of  
material on hea t ing ,  s ince  they must be supplemented, l i k e  the  r e s u l t s  of these  
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methods, with information r e l a t i n g  t o  the changes i n  dimensions and t o  
a typ ica l  and uneven co lor  changes. 

In  order  not  t o  omit any of the  more important methods of  t e s t i n g  the  hea t  
r e s i s t a n c e  of PVC based on co lor  change, mention should be  made here  of 
technological  t e s t s  [l]. In  these  t e s t s  s t a b i l i z e d  mixtures a r e  subjec ted  
e i t h e r  t o  p ro t r ac t ed  r o l l i n g ,  t he  external  appearance and co lora t ion  of f o i l  
specimens being determined a t  c e r t a i n  in t e rva l s ,  o r  t o  b r i e f  intermixing on 
cyl inders  ( f o r  about f i v e  minutes) followed by heat ing i n  a thermostat-  

., 

* contra 1 led  d r i e r .  

The technological  methods permit p r a c t i c a l  evaluat ion of the  e f f ec t iveness  
of ac t ion  of  t h e  s t a b i l i z e r s  employed during the  processing of the  material 
t e s t ed .  They are appl ied ch ief ly  i n  the  case of suspension PVC. 

3. Method Based on Measurement of Conductivity of Material  

Although the  methods based on color  changes permits s a t i s f a c t o r y  observa- 
t i o n  of t h e  changes occurring i n  a mater ia l  during processing, as was pointed 
out  above, i t  i s  d i f f i c u l t  t o  s e l e c t  any universa l  formula f o r  t hese  changes, 
s ince  the  most widely varying colorat ions may occur, depending on the  c l a s s  
of product : bronze, v i o l e t ,  ye1 low, ye1 low-green , o r  orange. 
based on eduction of hydrogen ch lor ide ,  i n  t u rn ,  do not  give a t r u e  p i c t u r e  of 
the  r e l a t ionsh ips  p reva i l i ng  during the  processing of the  ma te r i a l .  

The methods 

I n  a search f o r  a b e t t e r  method of  t e s t i n g  the  thermal s t a b i l i t y  of  PVC, 
J. Novak (Vyzkumny Us  t a v  Gumarenske a P las t ikarske  Technologie i n  Gottwald) 
has i n  r ecen t  years  developed a method of t e s t i n g  the  thermal s t a b i l i t y  of 
PVC based on the  phenomenon of change i n  t he  e l e c t r i c a l  conduct ivi ty  of a 
heated ma te r i a l  [2 ] .  Judging by the  r e s u l t s  presented by t h i s  au thor ,  t h i s  
method is  a combination of the  b e s t  methods of  the  groups descr ibed above, 
s ince  it permits observation both of the essence of  t he  phenomenon of  de- 
composition of  a material and of the  accompanying q u a n t i t a t i v e  changes i n  i t s  
s e r v i c e  p rope r t i e s .  

The curves obtained by J .  Novak i n  t e s t i n g  PVC by the  method descr ibed 
(curve 1) a r e  shown i n  Figure 1. 
during the  i n i t i a l  period. 
bubbles due t o  r e l ease  of water vapor or so f t ene r .  
curve corresponds t o  the  per iod o f  act ion of t h e  s t a b i l i z e r  i n h i b i t i n g  de- 
composition of t he  ma te r i a l  up t o  the  moment of t o t a l  deac t iva t ion .  
te rmina l ,  near ly  v e r t i c a l ,  s ec t ion  of the curve corresponds t o  the  abrupt 
decomposition of t he  mater ia l  following t o t a l  deple t ion  of t he  s t a b i l i z e r .  

A ce r t a in  drop i n  conduct ivi ty  is observed 
This e f f e c t  is  caused by the  occurrence of 

The c e n t r a l  s e c t i o n  of the  

The 

This method has been used t o  inves t iga t e  both pure polymers and the  most 
va r i ed  mixtures based on PVC, agreement between va r i a t ions  i n  e l e c t r i c a l  
conduct ivi ty  and co lor  change always being found. 

On t h e  o the r  hand, higher  r e s u l t s  a r e  usua l ly  obtained by t h e  method of 
measuring the  e l e c t r i c a l  conduct ivi ty  of an aqueous so lu t ion  of  decomposition 
products ,  as r ecen t ly  demonstrated by the inves t iga t ions  of  J. Novak [3],  the  
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F ig .  1. Comparison of  Results of  
Conductometric Methods : a - Unstabilized 
Suspension PVC, Temperature 175'; b - 
Suspension PVC - 100 p a r t s ,  Pa l a t ino l  
AH-20 p a r t s ,  d ibu ty l  10 two- 
ethylohexylomaleate) - 2 p a r t s ,  Tempera- 
t u r e  175'. 1 - Results of Measurements 
of Electrical  Conductivity of PVC. 2 - 
Results of  Measurements of E l e c t r i c a l  
Conductivity o f  Aqueous Solut ion of 
HC1 from Decomposition Products. 

(2- 

r e s u l t s  of  which a r e  shown by 
curve 2 (Fig. 1 ) .  This permits 
the  assumption t h a t  the  mater ia l  
undergoes s u b s t a n t i a l  i n t e r n a l  
transformations before  the  
eduction of  hydrogen ch lor ide  
begins.  

The measurements o f  the  con- 
d u c t i v i t y  of a ma te r i a l  a re  made 
i n  s p e c i a l  equipment t h e  fundamen- 
t a l  components of which a re  two 
aluminum e lec t rodes  heated t o  a 
constant and t h e  same temperature 
(Fig. 2 ) .  One of them i s  f i x e d  
and t h e  o the r  may b e  displaced 
wi th in  the  l i m i t s  o f  30 mm. 

A specimen of  PVC i n  t h e  form 
of  a d i sk  of a diameter of 3.5 cm 
and approximately 1 mm th ick  is 
secured between aluminum r ings  , 
cellophane d isks  o f  a thickness  of 
0.02 t o  0.05 mm f i r s t  being 
i n s e r t e d  between t h e  r ings  and the  
ma te r i a l  t e s t ed .  If  t h e  ma te r i a l  /372 
t e s t e d  is i n  the  form of  a p a s t e  
o r  f i n e  g r a i n s ,  a t e f l o n  r i n g  is 
placed on the  first d i s k ,  then 
the  i n t e r i o r  i s  f i l l e d  and 
covered with another disk.  The 
e n t i r e  arrangement toge ther  with 
the  specimen i s  suspended between 
e l ec t rodes  previously heated t o  
the  prop e r measuring temp e r a  t u r e  
and a s t o p  watch i s  se t  i n  
operat ion.  I t  should be noted 
t h a t  accurate  knowledge o f  t he  

- 

- 
thickness  of  the  l aye r  of  ma te r i a l  t es ted  is no t  necessary,  s ince  i t s  
behavior i s  charac te r ized  by the  changes i n  conduct ivi ty  and n o t  by the 
absolute  value o f  t he  l a t t e r .  

The r e s i s t ance  of  t he  heated mater ia l  i s  measured a t  i n t e r v a l s  of t h r e e  
t o  f i v e  minutes by means of an ohmmeter with a measuring range of lo5  t o  

10l1 ohms and a curve i s  drawn i n  the  conductivity-time logar i thmic  system. 
The time a f t e r  which the  conduct ivi ty  of t h e  ma te r i a l  begins t o  r i s e  abrupt ly  
c o n s t i t u t e s  a gage of t he  thermal s t a b i l i t y  of t h e  ma te r i a l .  

I wish t o  thank Engineer Tadeusz Wisniewski f o r  a s s i s t ance  i n  the 
prepara t ion  of  t h i s  paper. 
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Fig. 2a. Diagram of  Equipment f o r  
Measurement of E l e c t r i c a l  Conductivity of 
Heated PVC: 1 - Teflon Ring; 2 - Material  
Tested; 3 - Fixed Electrode; 4 - Moving 
Electrode;  5 - Resistance Heater;  6 - Cello- 
phane ( f o i l )  Spacer; 7 - Clamp; 8 - Ohmmeter. 

Fig. 2b. Equipment for  Measuring E l e c t r i c a l  
Conductivity of Heated PVC. 
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